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Experimental Part 
General considerations. All manipulations were carried out using standard Schlenk or glovebox 
techniques under a N2 atmosphere. Unless otherwise noted, solvents were deoxygenated and 
dried by thoroughly sparging with Ar gas followed by passage through an activated alumina 
column in the solvent purification system by SG Water, USA LLC. Solvents were tested with a 
standard purple solution of sodium benzophenone ketyl in tetrahydrofuran in order to confirm 
effective oxygen and moisture removal. All reagents were purchased from commercial vendors 
and used without further purification unless otherwise stated. Deuterated solvents were 
purchased from Cambridge Isotope Laboratories, Inc., degassed, and dried over activated 3-Å 
molecular sieves prior to use. Solution phase magnetic measurements were performed by the 
method of Evans. X-band EPR spectra were obtained on a Bruker EMX spectrometer. Optical 
spectroscopy measurements were taken on a Cary 50 UV-Vis spectrophotometer using a 1-cm 
two-window quartz cell. Elemental analyses were performed by Robertson Microlit Laboratories. 
The ATR-IR measurements were obtained on a thin film of the complex obtained from 
evaporating a drop of the solution on the surface of a Bruker APLHA ATR-IR spectrometer 
probe (Platinum Sampling Module, diamond, OPUS software package) at 2 cm
−1
 resolution. 
X-Ray Crystallography. XRD studies were carried out at the Beckman Institute Crystallography 
Facility on a Bruker Kappa Apex II diffractometer (Mo Kα radiation). Structures were solved 
using OLEX and refined against F2 on all data by full-matrix least squares with SHELXL. The 
crystals were mounted on a glass fiber or a nylon loop with Paratone N oil.  
Mössbauer spectroscopy. Spectra were recorded on a spectrometer from SEE Co. operating in 
the constant acceleration mode in a transmission geometry. Spectra were recorded with the 
temperature of the sample maintained at 80 K. The sample was kept in an SVT-400 Dewar from 
Janis, at zero field. Application of a magnetic field of 54 mT parallel to the γ-beam did not cause 
detectable changes in the spectra recorded at 80 K. The quoted isomer shifts are relative to the 
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centroid of the spectrum of a metallic foil of α-Fe at room temperature. Samples were prepared 
by grinding polycrystalline material into a fine powder and then mounted in a cup fitted with a 
screw cap as a boron nitride pellet. Data analysis was performed using the program WMOSS 
(www.wmoss.org) and quadrupole doublets were fit to Lorentzian lineshapes. 
Ammonia quantification. An aliquot of aqueous solution (40 or 20 µL) was analyzed for the 
presence of NH3 (trapped as NH4Cl) via the indophenol method. Quantification was performed 
with UV-Vis spectroscopy by analyzing the absorbance at 635 nm. The tables shown below list 
the raw data for the runs. Runs with small absorbance levels (< 0.02 absorbance units) suffer 
from a large degree of error due to a small signal-to-noise ratio. 40 µL aliquots were used for the 
catalytic runs for the production of NH3 with protons and electrons. 20 µL aliquots were used for 
the catalytic runs for the production of N(SiMe3)3 with Me3SiCl and electrons. 
Synthesis and characterization. 
(CAAC)2FeN2K(18-crown-6): A solution of (CAAC)2Fe (150 mg, 0.220 mmol, 1 eq) and 18-
crown-6 (58 mg, 0.220 mmol, 1 eq) in dry diethyl ether (5 mL) was cooled to −95 °C resulting 
from a color change from dark green to dark gold brown. KC8 (33 mg, 0.244 mmol, 1.1 eq) was 
added to the stirred solution. The reaction mixture turned dark red rust after 15 min. The reaction 
mixture was stirred at −95 °C for 45 min and was filtered. The filtrate was concentrated under 
vacuum and the residue was washed with pentane. The remaining solid was dissolved in diethyl 
ether and stored at −35 °C for 16 hours. Dark brown crystals were isolated from the mother 
liquor (94 mg, 0.093 mmol, 42%). µeff (C6D6, Evans method, 20 °C): 1.9 µB. NMR (C6D6, 300 
MHz)  ppm −14.98, −7.63, −3.04, 1.16, 3.92, 27.59, 37.98. UV-Vis (diethyl ether, nm {cm−1 
M
−1
}) 361 {16500}, 540 {8500}, 702 {6700}, 812 {4770}. Anal: calculated for 
C56H94N4KFeO6: C 66.31, H 9.34, N 5.52; found: C 66.55, H 8.96, N 4.78. 
(CAAC)2FeN2SiEt3: A cold (−40 °C) solution of chlorotriethylsilane (8.3 µL, 0.049 mmol, 1 eq) 
in dry diethyl ether was added to a solution of (CAAC)2FeN2K(18-crown-6) (50 mg, 0.049 
mmol, 1 eq) at −40 °C. The reaction mixture was slowly warmed to room temperature upon 
which the color changed from dark brown-red to dark green. The volatiles were removed under 
vacuum and the residue was extracted with cold pentane. The filtrate was concentrated, and the 
residue was washed with cold hexamethyldisiloxane. The remaining solid was dissolved in a 
minimum of benzene. Lyophilization of the resulting solution afforded a dark green powder (21 
mg, 0.025 mmol, 52%). µeff (C6D6, Evans method, 20 °C): 3.9 µB. NMR (C6D6, 300 MHz)  ppm 
−40.36, −16.40, −15.13, −9.18, −7.17, −3.07, 1.08, 3.32, 4.99, 11.65, 15.67, 18.73, 27.66, 46.09, 
50.68. UV-Vis (pentane, nm {cm
−1
 M
−1
}) 345 {12000}, 428 {7200}, 565 {4750}, 711 {5080}, 
778 {5200}. Anal: calculated for C50H85N4FeSi: C 72.69, H 10.37, N 6.76; found: C 72.28, H 
10.22, N 6.42. 
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General procedure for catalytic reduction of N2 to NH3 
A Schlenk tube was loaded with a solution of catalyst (0.002 mmol) in diethyl ether (1 mL), the 
reaction mixture was stirred at the indicated temperature for 15 min, then KC8 (0.1 mmol) was 
added. The reaction mixture was stirred vigorously for 15 min, then a solution of HBAr
F
24∙2Et2O 
(0.1 mmol) in diethyl ether (0.6 mL) was added. The reaction mixture was vigorously stirred for 
45 min, then was warmed to room temperature. All volatiles were vacuum-transferred to another 
Schlenk tube containing 3 mL of 2M HCl in diethyl ether. A solution of tBuONa (40 mg) in 1,2-
dimethoxyethane (5 mL) was added to the residue of the reaction mixture, and the solution was 
stirred for 10 min. The volatiles were once again vacuum-transferred to the collection Schlenk 
tube. The collection vessel was dried by rotary evaporation. The residue was dissolved in 1 mL 
of water and was analyzed by the indophenol method for the quantification of NH4Cl. 
General procedure for catalytic reduction of N2 to N(SiMe3)3 
A scintillation vial was loaded with KC8 (155 mg, 1.14 mmol) and a teflon coated stir bar. A 
solution of catalyst (0.002 mmol) in diethyl ether (1 mL) and trimethylsilylchloride (1.14 mol 
L
−1
, 1 mL, 1.14 mmol) were simultaneously added to the vial. The reaction mixture was stirred 
for 24 hours. The reaction mixture was filtered over Celite and the residue extracted with 3 x 1 
mL of diethyl ether. The filtrate was analyzed by GC and GC/MS for N(SiMe3)3, then treated 
with 2 mL of an aqueous solution of HCl (2M). The hydrolysis was kept for 12 hours, and the 
layers were separated. The aqueous layer was analyzed by the indophenol method for the 
quantification of NH4Cl. 
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NMR Spectra 
 
Figure S1. 
1
H NMR (C6D6, 300 MHz) spectrum of (CAAC)2FeN2K(18-crown-6). 
 
Figure S2. 
1
H NMR (C6D6, 300 MHz) spectrum of (CAAC)2FeN2SiEt3.  
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IR Spectra 
 
Figure S3: IR spectrum of complex (CAAC)2FeN2K(18-crown-6). 
 
Figure S4: IR spectrum of complex (CAAC)2FeN2SiEt3. 
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EPR Spectra 
 
Figure S5: X-Band EPR spectrum for complex (CAAC)2FeN2K(18-crown-6) in a frozen diethyl 
ether solution at 10 K. 
 
Figure S6: X-Band EPR spectrum for complex (CAAC)2FeN2SiEt3 in a methylcyclohexane 
glass at 10 K. * denotes a trace impurity.  
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UV-Vis Spectra 
 
Figure S7: Variable temperature UV-vis spectra of (CAAC)2Fe in a pentane solution. a) under 
N2 atmosphere; b) under vacuum. 
 
Figure S8: van’t Hoff plot for data from −120 °C to −80 °C. Solubility data for N2 are 
extrapolated from Katayama, T.; Nitta, T. J. Chem. Eng. Data 1976, 21, 194. 
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Figure S9: UV-Vis spectrum of complex (CAAC)2FeN2K(18-crown-6). 
 
Figure S10: UV-Vis spectrum of complex (CAAC)2FeN2SiEt3. 
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Mössbauer Spectra 
 
Figure S11:
 57
Fe Mössbauer spectra for microcrystalline samples obtained at 80 K in boron 
nitride pellets. a) [(CAAC)2Fe(N2)][K(18-crown-6)]; b) (CAAC)2Fe(N2SiEt3). Solid red lines 
correspond to the simulated data. Solid blue line in a) correspond to a minor species (~ 9% of Fe) 
parameters of  = 0.741 mm s−1. and EQ = 3.793 mm s
−1
. 
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X-Ray Diffraction Data 
Empirical formula C56H94N4O6KFe 
Formula weight 1014.30 
Temperature/K 100.0 
Crystal system monoclinic 
Space group P21/n 
a/Å 14.016(2) 
b/Å 18.088(3) 
c/Å 22.597(4) 
α/° 90.00 
β/° 90.091(4) 
γ/° 90.00 
Volume/Å
3
 5728.7(16) 
Z 4 
ρcalcmg/mm
3
 1.176 
m/mm
-1
 0.385 
F(000) 2204.0 
Crystal size/mm
3
 0.20 × 0.20 × 0.15 
Radiation MoKα (λ = 0.71073) 
2Θ range for data collection 2.88 to 66.28° 
Index ranges -21 ≤ h ≤ 21, -27 ≤ k ≤ 27, -34 ≤ l ≤ 34 
Reflections collected 216252 
Independent reflections 21843 [Rint = 0.0561, Rsigma = 0.0360] 
Data/restraints/parameters 21843/0/668 
Goodness-of-fit on F
2
 1.083 
Final R indexes [I>=2σ (I)] R1 = 0.0842, wR2 = 0.2032 
Final R indexes [all data] R1 = 0.1193, wR2 = 0.2270 
Largest diff. peak/hole / e Å
-3
 2.00/-1.17 
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Catalysis Details 
Catalytic reduction of N2 to NH3 
 
Figure S12. Temperature dependence on the reduction of N2 to NH3 catalyzed by (CAAC)2Fe. 
Results of individual runs using (CAAC)2Fe at –113 °C (Run 1 in Table 1) 
Run Absorbance Eq NH3 per Fe Yield based on H
+
 
A 0.653 3.79 23.4% 
B 0.554 3.21 19.8% 
C 0.465 2.69 16.6% 
D 0.627 3.63 22.5% 
E 0.428 2.47 15.3% 
F 0.689 4.00 24.7% 
G 0.416 2.40 14.9% 
H 0.425 2.45 15.2% 
 
Results of individual runs using (CAAC)2Fe at –95 °C (Run 2 in Table 1) 
Run Absorbance Eq NH3 per Fe Yield based on H
+
 
A 0.196 2.06 13.7% 
B 0.698 4.05 25.0% 
C 0.812 4.38 29.3% 
D 1.060 4.72 38.2% 
E 0.738 3.48 26.4% 
F 0.472 2.08 16.9% 
G 0.571 2.69 20.4% 
H 0.520 3.01 18.5% 
 
0
1
2
3
4
5
-120 -100 -80 -60 -40 -20 0 20
E
q
 p
e
r 
F
e
 
Temperature (°C) 
12 
 
Results of individual runs using (CAAC)2Fe at –78 °C (Run 3 in Table 1) 
Run Absorbance Eq NH3 per Fe Yield based on H
+
 
A 0.216 1.23 7.6% 
B 0.165 0.93 5.7% 
C 0.156 0.95 5.4% 
D 0.097 0.53 3.3% 
 
Results of individual runs using (CAAC)2Fe at –50 °C (Run 4 in Table 1) 
Run Absorbance Eq NH3 per Fe Yield based on H
+
 
A 0.048 0.24 1.5% 
B 0.062 0.33 2.0% 
C 0.030 0.14 0.9% 
D 0.110 0.61 3.8% 
 
Results of individual runs using (CAAC)2Fe at 23 °C (Run 5 in Table 1) 
Run Absorbance Eq NH3 per Fe Yield based on H
+
 
A 0.042 0.21 1.3% 
B 0.075 0.40 2.5% 
C 0.102 0.56 3.5% 
D 0.062 0.33 2.0% 
 
Results of individual runs using (CAAC)2FeBAr
F
24 at –95 °C (Run 6 in Table 1) 
Run Absorbance Eq NH3 per Fe Yield based on H
+
 
A 0.795 4.12 28.6% 
B 0.799 4.71 28.6% 
C 0.294 1.50 10.4% 
D 0.437 2.47 15.6% 
E 0.659 3.88 23.6% 
F 0.620 3.52 22.2% 
G 0.858 4.44 30.7% 
H 0.414 2.34 14.8% 
 
Results of individual runs using (CAAC)2FeN2K(18-c-6) at –95 °C (Run 7 in Table 1) 
Run Absorbance Eq NH3 per Fe Yield based on H
+
 
A 0.530 2.96 19.0% 
B 0.401 2.23 14.2% 
C 0.281 1.48 10.0% 
D 0.477 2.66 17.0% 
E 0.561 2.51 20.1% 
F 0.786 3.67 28.1% 
G 0.439 2.04 15.7% 
H 0.775 3.48 27.8% 
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Results of individual runs using CAAC at –95 °C (Run 8 in Table 1) 
Run Absorbance Eq NH3 per Fe Yield based on H
+
 
A -0.002 0.00 0% 
B -0.001 0.00 0% 
 
Results of individual runs using no catalyst at –95 °C (Run 9 in Table 1) 
Run Absorbance Eq NH3 per Fe Yield based on H
+
 
A -0.002 0.00 0% 
B -0.002 0.00 0% 
 
Catalytic reduction of N2 to N(SiMe3)3 
Table S1. Catalytic reduction of N2 to N(SiMe3)3
a
 
 
Run Catalyst T Eq. NH3 per Fe 
1 (CAAC)2Fe r.t. 24.4 ±2.7 
2 (CAAC)2Fe −78 °C 7.0 ±1.0 
3 (CAAC)2FeBAr
F
24 r.t. 19.4 ±3.0 
4 CAAC
b
 r.t. 0.2 ±0.2 
5 None r.t. 0.9 ±0.2 
a
 Catalytic conditions: catalyst: 0.002 mmol, KC8: 1.2 mmol, TMSCl: 1.2 mmol, 24 hrs, room 
temperature; yields are an average of 5 independent runs. 
b
 0.004 mmol of CAAC used. 
 
Results of individual runs using (CAAC)2Fe (Run 1 in Table 2) 
Run Absorbance Eq NH3 per Fe Yield based on TMSCl 
A 0.662 19.9 7.7% 
B 0.895 27.0 10.4% 
C 0.820 24.7 9.5% 
D 0.842 25.4 9.8% 
E 0.828 25.0 9.6% 
 
Results of individual runs using (CAAC)2Fe at –78 °C (Run 2 in Table 2) 
Run Absorbance Eq NH3 per Fe Yield based on TMSCl 
A 0.351 8.0 4.0% 
B 0.278 6.3 3.2% 
C 0.312 7.1 3.6% 
D 0.344 7.9 3.9% 
E 0.251 5.7 2.9% 
 
 
14 
 
Results of individual runs using (CAAC)2FeBAr
F
24 (Run 3 in Table 2) 
Run Absorbance Eq NH3 per Fe Yield based on TMSCl 
A 0.636 14.9 7.4% 
B 0.907 20.0 10.5% 
C 1.035 22.8 12.0% 
D 0.804 18.3 9.3% 
E 0.944 20.8 11.0% 
 
Results of individual runs using CAAC (Run 4 in Table 2) 
Run Absorbance Eq NH3 per Fe Yield based on TMSCl 
A 0.042 0.4 0.4% 
B 0.007 0.0 0.0% 
 
Results of individual runs using no catalyst (Run 5 in Table 2) 
Run Absorbance Eq NH3 per Fe Yield based on TMSCl 
A 0.056 1.1 0.6% 
B 0.043 0.8 0.4% 
 
